Objective To evaluate the safety and efficacy of combining artemether (AM) and praziquantel (PZQ) in different regimens for treating acute schistosomiasis japonica. Methods We undertook a randomized, double-blind, placebo-controlled trial within four specialized schistosomiasis hospitals in the Dongting Lake region, Hunan province, China, between May 2003 and December 2005. Study participants were randomized into one of four treatment regimes: group A received 60 mg/kg PZQ + 6 mg/kg AM; group B received 60 mg/kg PZQ + AM placebo; group C received 120 mg/kg PZQ + 6 mg/kg AM; and group D received 120 mg/kg PZQ + AM placebo. All participants were followed up over a 45-day period. The primary endpoint of the trial was human infection status (determined by positive stool examination). Secondary endpoints involved clinical observations and blood biochemistry, including monitoring haemoglobin and alanine aminotransferase levels over time. Findings Treatment efficacies of the four different treatment regimens were 98.0%, 96.4%, 97.7% and 95.7% for group A, B, C, and D respectively (P > 0.05). The group B had a greater treatment efficacy (96.4%) than the group D (95.7%) (P > 0.05). Group A treatment was better for clearance of fever (P < 0.05) and resulted in a shorter hospitalization time (P < 0.05). Conclusion This is the first report of a randomized, double-blind, placebo-controlled trial for evaluating combined chemotherapy with AM and two different dosages (60 mg/kg and 120 mg/kg) of PZQ in the treatment of acute schistosomiasis japonica in China. The combination of AM and PZQ chemotherapy did not improve treatment efficacy compared with PZQ alone. PZQ given as a dosage of 60 mg/kg (1 day, 3 × 20 mg/kg doses at 4-5 hour intervals) may be as effective as a dosage of 120 mg/kg (6 days, 20 mg/kg for each day split into 3 doses at 4-5 hour intervals). 
A randomized, double-blind, placebo-controlled trial of safety and efficacy of combined praziquantel and artemether treatment for acute schistosomiasis japonica in China Objective To evaluate the safety and efficacy of combining artemether (AM) and praziquantel (PZQ) in different regimens for treating acute schistosomiasis japonica.
Methods We undertook a randomized, double-blind, placebo-controlled trial within four specialized schistosomiasis hospitals in the Dongting Lake region, Hunan province, China, between May 2003 and December 2005. Study participants were randomized into one of four treatment regimes: group A received 60 mg/kg PZQ + 6 mg/kg AM; group B received 60 mg/kg PZQ + AM placebo; group C received 120 mg/kg PZQ + 6 mg/kg AM; and group D received 120 mg/kg PZQ + AM placebo. All participants were followed up over a 45-day period. The primary endpoint of the trial was human infection status (determined by positive stool examination). Secondary endpoints involved clinical observations and blood biochemistry, including monitoring haemoglobin and alanine aminotransferase levels over time.
Findings Treatment efficacies of the four different treatment regimens were 98.0%, 96.4%, 97.7% and 95.7% for group A, B, C, and D respectively (P > 0.05). The group B had a greater treatment efficacy (96.4%) than the group D (95.7%) (P > 0.05). Group A treatment was better for clearance of fever (P < 0.05) and resulted in a shorter hospitalization time (P < 0.05). Conclusion This is the first report of a randomized, double-blind, placebo-controlled trial for evaluating combined chemotherapy with AM and two different dosages (60 mg/kg and 120 mg/kg) of PZQ in the treatment of acute schistosomiasis japonica in China. The combination of AM and PZQ chemotherapy did not improve treatment efficacy compared with PZQ alone. PZQ given as a dosage of 60 mg/kg (1 day, 3 × 20 mg/kg doses at 4-5 hour intervals) may be as effective as a dosage of 120 mg/kg (6 days, 20 mg/kg for each day split into 3 doses at 4-5 hour intervals).
Introduction
Schistosomiasis japonica, caused by Schistosoma japonicum, was highly prevalent in China 1,2 but an effective control programme has substantially decreased its endemicity, prevalence, intensity and associated morbidity.
3-5 Elimination, however, is a major challenge. 1, [6] [7] [8] [9] Chemotherapy remains the main tool for control. 1, 2, 10 The clinical features of schistosomiasis japonica can be severe. 6 Recent evidence suggests that the burden of disease attributable to S. japonicum (and other human schistosomes) has been under-recognized.
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Schistosomiasis japonica can be divided into three disease stages: acute, chronic and advanced. Acute S. japonicum infection (Katayama syndrome), 12 which appears 14-84 days after nonimmune individuals are exposed to a primary infection or heavy reinfection, is common in high transmission areas in China.
2,7 Disease onset is related to migrating schistosomula larvae and egg deposition by adult female worms, with individuals typically presenting with nocturnal fever, cough, myalgia, headache and abdominal tenderness.
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Treatment for acute schistosomiasis in China is praziquantel (PZQ) at a dose of 120 mg/kg body weight over a 6-day period. 6, 13, 14 However, this is only effective on adult worms and early (3-8 hour) skin-stage schistosomula.
15 The co-existence of mature and immature worms in infected subjects may prolong fever after PZQ treatment, necessitating additional chemotherapy. 16 Furthermore, some individuals do not respond well to PZQ, especially if they have had repeated water exposure before the onset of disease.
Artemether (AM), used for the treatment of malaria, is also effective against juvenile schistosomes in animals 17-21 and humans, [22] [23] [24] [25] [26] [27] and it has been developed as a prophylactic for the prevention of patent schistosome infections. 26, 27 In animals, combination therapy with PZQ plus AM is safe and results in higher worm reduction rates than PZQ alone, 28,29 a finding that has yet to be confirmed in human studies.
Here, we assessed the safety and efficacy of combining PZQ plus AM in different doses to treat acute schis-tosomiasis japonica in a randomized, double-blind, placebo-controlled trial carried out in a hospital setting in China.
Methods

Study objectives
The main objective of the study was to determine the safety and efficacy of combination therapy with AM and PZQ for acute cases of schistosomiasis japonica. Secondary objectives were to assess the safety and efficacy of PZQ in varying doses, either alone or in combination with AM, in the treatment of acute disease.
Study design
A randomized, double-blind, placebocontrolled trial, within four specialized schistosomiasis hospitals in the Dongting Lake region Hunan province, China, was carried out between May 2003 and December 2005. Study participants were randomized into one of four treatment regimens (Table 1 ) and were followed up over a 45-day period. The primary endpoint of the trial was human infection status. Secondary endpoints included haemoglobin and alanine aminotransferase (ALT) levels over time.
Study participants
Patients were admitted to the study based on the following inclusion criteria: (i) diagnosed to have acute schistosomiasis japonica, (ii) aged 10-60 years, (iii) weighed > 25 kg, (iv) willing to be followed up for 45 days post-treatment, and (v) provided informed consent. A confirmed case of acute schistosomiasis japonica was based on the following criteria formulated by the Ministry of Public Health in China 13 : (i) positive stool examination for S. japonicum eggs by the Kato-Katz method, (ii) positive serology for schistosomiasis, (iii) recent history of water exposure, (iv) fever and/ or other relevant symptoms, and (v) peripheral blood eosinophilia comprising ≥ 15% of the total leukocyte count.
Exclusion criteria included any of the following: (i) pregnancy confirmed by a positive pregnancy test, (ii) known hypersensitivity to PZQ or AM, (iii) had received anti-schistosomal treatment before hospitalization, (iv) had water contact within the 45-day post-AM/ placebo treatment, or (v) had severe clinical signs/symptoms of disease such as jaundice, caput medusae, ascites, hepatosplenomegaly or telangiectasias as determined by haematological, biochemical, radiological and physiological assessment that included a full blood count, liver function tests, including measurement of ALT, renal function tests, chest X-ray, abdominal ultrasound and electrocardiography (ECG).
Baseline
Study participants were interviewed by questionnaire for history of water exposure before hospitalization and were subjected to medical and physical examination. Each patient had urine and two stool samples collected. Urine samples underwent routine testing and stool samples were examined for the presence of schistosome eggs by the miracidial hatching test and the KatoKatz thick smear method (3 × 50 mg smears/stool). 30 Serological testing for S. japonicum infection by indirect haemagglutination and enzyme-linked immunosorbent assays (ELISA), using soluble S. japonicum egg antigen, was also performed. 13 A complete haematological and biochemical assessment, including measurements in blood levels of urea nitrogen, ALT, creatinine and haemoglobin, and eosinophil count, was also carried out using standard procedures. The AM (6 mg/kg body weight) or placebo was administered as a single dose at 20:00 on day 0. The four treatment regimens, designated as A, B, C and D, are described in Table 1 . Treatment groups were named accordingly. Supporting and symptomatic treatment was administered according to the condition of each patient. Those with an axillary temperature over 39.0 °C were treated for 2-3 days with oral prednisone postcommencement of PZQ treatment.
Treatment regime
Follow-up
Clinical evaluations were carried out throughout the treatment and hospitalization period. Patients were observed for clinical improvement, drug side-effects and any serious or unexpected adverse events. At days 10 and 20, liver and renal functions and haematological status were assessed for any abnormality. Faecal egg examinations were performed on day 45 after initial treatment with AM or placebo as described above.
Safety was assessed by incidence of any serious or unexpected adverse events 4 hours after AM and PZQ administration and during the hospitalization period. An adverse event was determined by one or more of the following: (i) death, (ii) threat of death, (iii) prolongation of existing hospitalization, or (iv) persistence of or significant disability/incapacity. When any adverse events occurred, patients were examined by the physicians appointed to the project, and the events were recorded on a specially-designed case report form. Necessary interventions for adverse events were delivered to patients as required. 
Blinding, randomization and quality control
Two physicians from the Hunan Institute of Parasitic Diseases coordinated the clinical assessment and diagnosis of acute schistosomiasis japonica and treatment. All study investigators, hospital staff and patients were blinded as to which patients were given AM or placebo. Laboratory staff was blinded as to which patients received differing doses of PZQ. Random allocation of treatment regimens using a computergenerated random number list was performed by a senior scientist from the Hunan Institute of Parasitic Diseases who was independent of the treatment and laboratory testing. An independent experienced technician rechecked 10% of the Kato-Katz thick smears for parasitological examination. The final analysis included only those patients who completed the treatment regimen, had been clinically evaluated during the hospitalization, and were followed up at days 10, 20 and 45 after treatment with AM or placebo.
Power
Power calculations at the design phase of this trial were based on the assumption that PZQ-based chemotherapy had an efficacy of 80-85% and so the study would have 80% power to detect the additive treatment effect of AM at the α = 0.05 level. 
Data management and statistical analysis
Results
A total of 248 subjects presenting with supposed acute schistosomiasis japonica were recruited for the trial. Of these, 43 were excluded based on the criteria previously provided, leaving 205 who were randomized into the four treatment regimens. A further 9 were lost to follow-up due to migration out of the Dongting Lake area, resulting in a final cohort of 196 (group A: n = 51, group B: n = 55, group C: n = 44, group D: n = 46) for a coverage of 95.6% (Fig. 1 ). More than half (61.5%; n = 126) of the patients were infected through playing or swimming in schistosome-infested water. No significant differences were observed between the treatment groups in relation to water exposure (P = 0.097). Most patients (171; 83.4%) had no history of schistosomiasis infection and many had sought and received treatment for common cold symptoms before presenting for hospitalization. The number of days with fever before hospitalization ranged from 1 to 46, with a mean of 12 days (standard deviation, SD: 8.6). Axillary temperature on admission ranged Xun-Ya Hou et al. (Table 2) . No significant differences were observed between groups. The intensities of S. japonicum infection (geometric mean eggs per gram of faeces, epg) in study participants within the treatment regimens are shown in Table 3 . These intensities were similar except for group B, which was 81.7 epg (95% confidence inverval, CI: 58.4-114.3). Six patients (2.9%) were shown to be co-infected with Ascaris lumbricoides (roundworm), Trichuris trichiura (whipworm) and/or Fasciolopsis buski (giant intestinal fluke).
Baseline demographics and clinical observations
Patients who had fever above 39 °C (146; 71.2%) received short-term oral prednisone (0.5-1mg/kg/day for 2-3 days) to reduce fever during hospitalization.
Treatment efficacy
Efficacies for the four treatment regimens are shown in Table 3 . All groups had similarly high treatment efficacies ranging from 95.7% (group D) to 98% (group A). Comparisons of group A with group B and group C with group D for the determination of the additive effect of AM showed that there were higher, not statistically significant (P = 0.947), treatment efficacies in the regimes that included AM. The two different dosages of PZQ (group A with C and group B with D) provided the same level of efficacy. Treatment efficacy in terms of reduction of fever -the main symptom of acute schistosomiasis -and length of stay in hospital are shown in Table 4 . Fever subsided in 3.9, 5.1, 6.4 and 5.2 days post-AM treatment in groups A, B, C and D, respectively (P = 0.027). Combined AM/PZQ (60 mg/kg) treatment was the most effective for fever clearance. Patients in groups A to D remained in hospital on average 6.4, 8.0, 9.4 and 8.9 days, respectively; the hospital stay of patients in group A was significantly shorter than in the other groups (P = 0.023).
Prior to treatment, sinus tachycardia was evident in 85.7%, 82.2%, 68.6% and 75.5% of cases from groups A, B, C and D respectively (P = 0.156); and sinus dysrhythmia was evident in 11.3%, 14.3%, 8.9% and 7.8% cases from groups A, B, C and D respectively (P = 0.715). There was no additional adverse effect on ECG parameters observed during medication time or 10 days post-treatment. All ECG changes observed before treatment returned to normal for all study subjects post-treatment in our study. Chest X-ray revealed diffuse, nodular or patchy bilateral infiltrates in the lungs of 53 patients (22.6%, 21.4%, 31.15% and 29.4% from groups A, B, C and D respectively; P = 0.129). All abnormalities were recovered before discharge from hospital. Prior to treatment, all patients showed widened echogenic dots but no network in liver parenchyma on ultrasound examination. In addition, hepatomegaly and splenomegaly were observed in 41.5% and 13.7% of patients, respectively, by ultrasonographic examination with no significant difference between groups (P > 0.05; Table 2 ). Significant improvement was not observed over the course of the trial and follow-up period (data not shown).
Little change in haemoglobin levels of patients was observed over the course of the trial and there were no significant differences between the groups both pre-and post-treatment. Eosinophilia was high before treatment and remained high over the course of the trial. Renal functions were not influenced by the drug treatment. In total, 34 cases had an elevated ALT level before treatment, of which 24 returned to normal at day 20 post-AM treatment. Although the mean levels of ALT at day 10 post-AM treatment were increased by 7.8% (group A), 8.6% (group B), 8.9% (group C) and 8.7% (group D), there were no statistically significant differences between the groups, and the mean levels of ALT at 20 days post-AM treatment dropped to normal levels (Table 3 ). The general condition of patients was improved before their discharge from hospital.
Drug safety
AM was well-tolerated with excellent compliance. Only 13 (6.3%) minor adverse events (allergy, nausea, vomiting and abdominal discomfort) were reported and/or observed within 4 hours of AM administration; and there were no serious or unexpected adverse events observed or reported during the trial period. Some patients (54; 26.3%) suffered pain in the upper abdominal region after PZQ treatment (first or second dose), and this was usually accompanied with one to two episodes of diarrhoea. Other side-effects included headache (11.7%), nausea (10.7%), lower abdominal discomfort (7.8%) and fatigue (7.3%). Our study did not reveal any additional side-effects caused by possible interactions of PZQ and AM when the drugs were administrated approximately 12 hours apart.
Discussion
Acute schistosomiasis is a clinical manifestation that occurs several weeks post-schistosomal infection.
12 Because of this temporal delay and its nonspecific presentation, accurate diagnosis is problematic and can often be delayed on average up to 2 weeks. Patients are often misdiagnosed as having the common cold or other infections. Once the patient is correctly diagnosed and offered treatment, schistosome worms can be cleared rapidly and all symptoms disappear.
Here we evaluated the efficacy and safety of combined PZQ and AM chemotherapy for acute schistosomiasis japonica in 196 Chinese patients, all with a history of fever (an average of 12 days) before hospitalization. High treatment efficacies for acute schistosomiasis resulted following PZQ chemotherapy with or without the addition of AM (Table 3) . Animal model experiments had shown previously that combination treatment with PZQ plus AM, given 1 or 3 days apart, was more effective than each drug given separately. 28, 29 In contrast, the additive effect of AM (Table 3 ; P = 0.947) could not be quantified in the current trial due to the treatment efficacies in the control groups (PZQ/placebo) being too high and above those predicted.
The results suggest that a 60 mg/ kg (1 day, 3 × 20 mg/kg doses at 4-5 hour intervals) PZQ dosage may be as effective as a 120 mg/kg (1-6 days, 20 mg/kg for each day split into 3 doses at 4-5 hour intervals) dosage for treating acute schistosomiasis, even though the latter treatment regimen is currently recommended in China. A reduction in the dosage of PZQ could reduce the Xun-Ya Hou et al.
Résumé
Essai contrôlé randomisé en double aveugle, portant sur l'innocuité et l'efficacité de l'association praziquantel/artéméther dans le traitement de la schistosomiase asiatique aiguë en Chine
Objectif Evaluer l'innocuité et l'efficacité de l'association artéméther (AM)/praziquantel (PZQ) dans le cadre de différents schémas thérapeutiques contre la schistosomiase asiatique aiguë. Méthodes Nous avons entrepris un essai contrôlé randomisé en double aveugle dans quatre hôpitaux spécialisés dans la schistosomiase de la région du lac de Dongting, dans la province costs and potential side-effects of treatment for acute schistosomiasis. Combined PZQ (60 mg/kg)/AM (6 mg/kg) treatment was better for clearance of fever (P < 0.05) and resulted in shorter hospitalization time (P < 0.05). This can probably be explained by both the effect of a shorter PZQ treatment regimen and quicker worm clearance by the combined drug treatment.
In field trials in China and Africa, 22, 23, 25 2-11 doses of AM (6 mg/ kg) given fortnightly were well-tolerated with no major adverse events observed, although there have been reports of minor symptoms that were transient and usually self-limiting. 31 Our study supports these findings with no serious or unexpected adverse effects observed. A single 6 mg/kg dose of AM therefore appears to be safe for treating acute schistosomiasis japonica, with subjects exhibiting only minor side-effects. AM and PZQ given 12 hours apart overnight did not induce any adverse effects and so combined chemotherapy also appears to be a safe treatment option.
Conclusion
This is the first report of a randomized, double-blind, placebo-controlled trial for evaluating combined chemotherapy with AM and PZQ at two different dosages (60 mg/kg and 120 mg/kg) in the treatment of acute schistosomiasis japonica in China. The combination of AM and PZQ chemotherapy did not improve treatment efficacy compared with PZQ alone, and the trial had no influence on improving certain clinical manifestations as a result of acute schistosomiasis. PZQ given as a dosage of 60 mg/kg (1 day, 3 × 20 mg/kg doses at 4-5 hour intervals) may be as effective as the dosage of 120 mg/kg (6 days, 20mg/kg for each day split into 3 doses at 4-5 hour intervals) that is currently used for treating acute schistosomiasis in China. An additional study is now required to confirm these findings before any recommendations for policy changes regarding future schistosomiasis treatment in China. ■ Objetivo Evaluar la seguridad y eficacia de la combinación de artemetero (AM) y prazicuantel (PZQ) en diferentes posologías para tratar la esquistosomiasis japonesa aguda. Métodos Entre mayo de 2003 y diciembre de 2005 se realizó un ensayo aleatorizado a doble ciego controlado con placebo en cuatro hospitales especializados en la esquistosomiasis de la región del lago Dongting, en la provincia china de Hunan. Los participantes en el estudio se repartieron aleatoriamente entre cuatro grupos sometidos a distintas pautas de tratamiento: el grupo A recibió 60 mg/kg PZQ + 6 mg/kg AM; el grupo B, 60 mg/kg PZQ + placebo de AM; el grupo C, 120 mg/kg PZQ + 6 mg/kg AM; y el grupo D, 120 mg/kg PZQ + placebo de AM. Todos los participantes fueron sometidos a seguimiento durante un periodo de 45 días. El criterio principal de valoración empleado en el ensayo fue la presencia de la infección (examen coproparasitoscópico positivo). Como criterios secundarios de valoración se emplearon los resultados de la exploración clínica y de los análisis bioquímicos sanguíneos, en particular la evolución de los niveles de hemoglobina y de alanina-aminotransferasa.
Resultados La eficacia de las cuatro pautas de tratamiento fue del 98,0%, 96,4%, 97,7% y 95,7% para los grupos A, B, C y D, respectivamente (p > 0,05). La eficacia fue mayor en el grupo B (98%) que en el D (95,7%) (p > 0,05). El tratamiento recibido por el grupo A eliminó más eficazmente la fiebre (p < 0,05) y acortó el tiempo de hospitalización (p < 0,05). Conclusión Este es el primer trabajo publicado sobre un ensayo aleatorizado a doble ciego controlado con placebo destinado a evaluar la antibioticoterapia combinada con AM y dos posologías diferentes (60 mg/kg y 120 mg/kg) de PZQ como tratamiento de la esquistosomiasis japonesa aguda en China. La combinación de AM y PZQ no mejoró la eficacia del tratamiento en comparación con el uso aislado de PZQ. El PZQ administrado en dosis de 60 mg/kg (1 día, 3 tomas de 20 mg/kg a intervalos de 4-5 horas) puede ser tan eficaz como en dosis de 120 mg/kg (6 días, 20 mg/ kg cada día repartidos en 3 tomas a intervalos de 4-5 horas).
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